Low-lying collective excitations of nuclei are described in the SD-pair shell approach. To facilitate the computational difficulties the Hilbert space cutoff is performed up to SD-pair, in which a microscopic justification of the model of interacting bosons is given. The diagonalization of the fermionic Hamiltonian in the cutoff space is applied to the study of the spectra structure and reduced probabilities of the electromagnetic transitions B (E2) in the spherical isotopes of Ruthenium with the atomic weight A = 100,102,104. These values are compared with their experimental data.
I. Introduction
The description of low-lying collective modes of nuclei excitations of medium and heavy atomic weights by means of fermionic degrees of freedom is an interesting and important problem of nuclear theory. However, the calculations of the collective properties of systems in the exact shell-model spaces remain very difficult problem because of their huge size. In recent years, therefore, the methods of cutoff of the Hilbert space have been used to obtain a collective paired subspace with a small number of degrees of freedom [1, 2, 3, 4] , which provided a fruitful explanation of the considered phenomena.
In this paper, we again give a microscopic justification of the interacting boson model (IBM) [5, 6] for the description of low-energy collective excitations of the nucleon systems, and it is provided quite well by taking into account the S and D-paired shell states in them. In addition, this allows to avoid the well-known computational difficulties in the microscopic examination of the s and d-bosons of IBM as the mappings of the S and D pairs of valence nucleons in nuclei. As the mapping method of the fermion pair states in the boson the Otsuki-Arima-Yakello (OAY) method is taken. In this SD-fermion pair model space the Hamiltonian of the system is easily diagonalized and it satisfactorily reproduces the spectra and electromagnetic transition probabilities of vibrational, rotational, and γ unstable nuclei [3, 4, 5] . Thus the microscopic phenomenological IBM is constructed for the nuclear systems, the free parameters of the model are calculated as the fermionic matrix elements of the pair forces of nucleon interaction. On the other hand using the generalized quasispin formalism [7, 8] with the pairing interaction of nucleon pairs some many-body effects are analyzed.
The theory is applied to studying the properties of even spherical isotopes of 
II. Formulation of the model
In order to study the structure of spherical nuclear states we consider the simplest Hamiltonian, which is exactly diagonalized in the SD-pair space:
2)
In these equations, + σ C and σ C are the creation and annihilation operators of nucleons in the single-particle states of σ , which are defined by a set of quantum numbers
). The nucleon-pair operators are written as: 
are the numbers of the S and D pairs, J is the total angular momentum of the states. The SD nucleon-pair states then are mapped in the sd bosonic. The general principle of mapping is the equality of the matrix elements of the nucleon operators by the SD -states of the matrix elements of the corresponding bosonic operators by the sdbosonic states. In this case, the corresponding IBM-Hamiltonian to such a mapping should be written in the form: 
All these quantities are computed numerically, if there are given single-particle energies of states of nuclei, the depth and radius of pair interactions of nucleons. On the other hand some of the multiparticle effects can be found analytically using generalized quasispin formalism, in the case when the valence shell contains degenerate j-orbit [6, 7] . In this case, three quasispin operators are introduced that satisfy the commutation relations of the Lie algebra group As seen such multipartice matrix elements will become identical to the matrix elements for a pair of particles
. This means that for a system of many particles the Pauli effect becomes negligible. Such an elementary theory can be generalized to the systems with a large number of orbits.
In general, when a large number of j-orbit is considered the mathematical beauty and simplicity quasi-spin formalism for systems of degenerate orbits is lost. However the concept of seniority formalism largely helps in classifying and lets you introduce the SD states as the ortogonal basis of the cutoff Hilbert space and helps to understand the microscopic formulation of IBM.
Before applying the above method to real nuclei, it is useful to find an analytical expression of paired matrix elements in the fermionic space and analyze the overall states of the particles system. To this end, we consider pairing interaction of pairs of identical nucleons, which leaves the system in a spherical form: ( ) . The potential of the nucleon-nucleon interaction is chosen in the simplest form: where ρ is the "oscillatory" radius. In general, the effective nucleon interaction can be written as follows:
As the studies have shown [8] , the nuclei in the range of atomic weights A are a good target for the use of the generalized senorita model. To study the structure of the nuclei in this range as a doubly magic nucleus the isotope of Sr 88 is selected. Its neutron shell contains 50 particles, and proton shell completes filling 2 3 1P level with 38 = Z . The distance between the last filled subshell and the beginning of the filling 2 1 1P is of order 3 MeV. Therefore, the proton shell can also be considered semi-magic. As a single-particle proton states the lower state of the nucleus Y 89 is taken, the binding energies of which are equal to
The interaction parameters pp V were determined from the properties of Zr 90 nucleus, the best fit of the spectrum in these nuclei are obtained with the following values of the parameters:
MeV. These values are close to the values of the corresponding parameters of the potential for heavy nuclei.
The 
From the spectra of states of the nucleus the parameters of interaction of neutrons were found:
MeV. The interaction parameters pn V are found from the description of the structure of Y 90 nucleus: In it the icons of the spin states mean: g-yrast band, γ β , are β and γ -bands, respectively. Analysis of the nuclei spectrum shows that the lower states up to the Table 2 shows their relative values compared with the experimental values. The experimental values as the energy states and the probabilities of the electromagnetic transitions are taken from the collections of tables [9] .
